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ON THE VERTICAL TAIL SURFACES DURING

RUDDER- KICKS AND FISHTAILS
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SUMMARY 31176 01425 8389

By John Boshar

Results ars presented of a flight investigation conducted on
a fighter~type airplane to determine the factors which affect the
loads and load distributions on the vertical tail surfaces in
maneuvers, An analysis 1s made of the data obtained in steady
flight, rudder kicks, and fishtail mansuvers.

For the rudder kicks the significant loads were the "deflection
load" resulting from an abrupt control deflection, and the "dynamic
load" consisting of a load corresponding to the new static equilibrium
condition for the rudder deflected plua a load due to a transisnt
overshcot. The deflection load is proportional to the angular
acceleration which in turn is dependent upon the rate and amount
of control deflectlon and upon the directlonal response character—
istics of the airplane. The dynamlic load had an angular acceleration
load superimposed on it as a result of the ruddsr being reversed at
the tims of maximum sideslip. The critical loads on the rudder
were assoclated with the deflection load, and those on the fin,
with the dynamic load.

The minimum time to reach the maximum control deflection |
attainable by the pilot in any flight condition was found to be
a constant.

In the fishtail maneuvers, it was found that the pilot tends
to deflect the rudder in phase with the natural frequency of the
airplane. At the condition of resonance the load on the fin and
that on the rudder are approximately 90° out of phase. The maximum
loads measured in fishtalls were the same order of magnitude as
those from & rudder kick in which the rudder is returned to zero
at the time of maximum sldeslip.
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INTRODUCTION

The problem of svolving methods for deslgning the tail surfaces
of fighter-type airplenes for the dynamic effects which occur in
maneuvers has received much attention in rocent years. In the caso
of the horlzontal tail, metheds by which the lcads may be determined
for an arblirary type of elevator motion have been introduced
(references 1 and 2) and the type of control deflesction to be
assumed in design has been epeciried (reference 3).

In the case of the vertical tall, however, the current design
specifications consider only steady-state conditions for leads
assocliated with a specified steady yaw or a specified rudder angle.
Indications have been that the losds on the verticel tall are more
critical in maneuvers then in steady-flight condltions. For instence,

. in reference k4, critical vertical-tail lodds in rolling pull-out
maneuvers woere shown to be related to the ratio of ailsron power
and the.static directional-stabllity derivative of the alrplans;
wherees, in reference 5.+the dynemic loads in ebrupt rudder kicks
or In fishtall mansuvers worse shown to reach high values. For
some time, therefore, there has. existed a need for a systematic
fl:ght investigaticn to evaluate ths factors which influence the

. vertical-tail loads.

The purpose of the present papsr is to present the results of
a flight investigation of the factors which affect the loade and
the load distributions on the verticel tall surfeces in rudder
kicks and fishtail maneuvers. An attempt has been made to isolate
the effects of power, of speed, of rate, amount, and dirsction of
control deflection, and of initial sideslin Emphasis hasg been
placed upon the presentation of the experimental results in the light
of theoreticel considerations.

SYMBOIS -
& rudder deflecuion angleo, degrées
ér ) naximum rate‘of rudder deflection dsgrees per second
8é elevator_def;ection angle, degreqs
8 gideslip angle, degrees
P pedal force, pounds -
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Ny normal force on vertical tail, pounds

M. normal force on rudder, pounds

N normal force on fin, pounds

Nvl first load peak on vertical tail, pounds
er first load peak on rudder, pounds

Nfl first load peak on fin, pounds

Nv2 second load peak on vertical taill, pounds
er second load pesk on rudder, pounds

Nf2 gsecond load peak on fin, pounds

CNv normal-force coefficient on vertical tail (—-—-)
CNr normel-force coefficient on rudder (Ei
CNf normal-force coefficient on fin & >

With the foregoing symbols the prefix A represents an
increment; for mansuvers, it i.nd.1 cates the maximum increment measured
from the initial steady-flight value; for steady sideslip, it
represents an increment measured from the trim value for wings
level.

v airspeed, miles per hour

Vs equivalent airsgpeed, miles per hour

S¢ - total vertical tell area, square feet

X distance from center of gravity to rudder hinge line
(absolute value), feet

a dynamic pressure, pounds per square foot (%pwﬁ)

I, moment of inertia about Z-é.xié, -pcd,ur:u'l--focﬂ‘:j-.E;econcl2

T thrust coefficient (T / pVED2>
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propslisxr thrust

torque coefficient <§/§V2D3>

propeller torgue

propellsr diameter

wing span, feet

wing area, square feet

pressure coefficlent ; . ’ -
yawing moment, foct-pounds

mess density of air, slugs per cubic foot
yawing-moment coefficient, tail-off . (N ' /aSb)
maximem yawing vel ocfty, radiens per second

angular atceleration in yaw

first’maximum angular acceleration in yaw, radlans per second?

second meximmum anguler acceleration in yaw, radians

par . second?

maximun pitching veloqity, radians yer second

Tirst maxiuum angular acceleration in pitch, radiané

per second?

time interval dwring which maneuver isg .allcwed to continue

before rudder is returned to ze6rd, seconds

-~ increment in angle of attack of vértical tail

" rate-of change of - vawingﬂmoment coefficient with

sideslip angle (tail off) - ’

méééufed rate of changs of normsl-forcs cosfficient on
vertical tail with angle of 8ldeslip, including the

effect of rudder deflection'
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5
%%— ' - rate of change of sidesliyp with change in rudder angle
r (from steady sideslip weasurements)
dac :
<§3L estimated rate of cnange of lift coefflcient with
contrcl deflection for isolated vertical tail

(1.10 per radien)

4aC
<é5§> estimated rate of change of 1lift coefficient with
v angle of attack for isolated vertical tail (1.43 per
radian)

%%{) estimated rudder effectiveness (0.77)
/v

DEFINITIONS

Deflection loed: Meximum increment in load due to abrupt
control deflection at the start of maneuver (first loasd peak).

Dynemic load: Meximum increment in loed including load dus to
the static balance condition for rudder deflected, load due to
transient overshoot, end load due to rudder reversal {msecond
loed poak). :

U-type control menipulstion: Hypothetical control manipulation
in which both the initizl kick and the return of rudder have the
samws amount and rate of control deflection.

APPARATUS

Test alrplane.- The investigation was conducted on & modified
Curtiss P-40K alrplane which ie a low-wing fighter airplane wolghing
about 8200 pounds and equipped with a V-1710-F4R Allison engine
rated at 1000 horsepower at a pregsure altitude of 10,800 feet.
Figure 1 shows photographs of the test airplane and figure 2
presents a three-view drawlng and a list of some pertinent gecmetric
characteristics.

The military equipment, radio, snd fuselage gas tanks were
removed to permit the installation of the recording instruments.
The alrplane was flown with a center-of -gravity location of
29.5 percent of the mean aerodynemic chord.
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Talil surfaces.- In order to improve the directlonal svabillty -
_ characteristics and to permit the pilot to fly more easlly through

the apeed rangs with only one setting of the rudder-trim tab, a

a fin extension was added (see fig. 3}, and the fin offseet was

changed from J,-:L left to 00 offset as suggested in reference 6.

The horizontel tail surfaces were unchanged with the excepitlon
of the fairing added at the juncturs of the fin and horizontal
tail to cover the pressire lines. The amount of protuberance of
this fairing is shown in the photosgraphs of Figure &,

Orifices were installed opposite each othker on the left and
right sides of the vertical teil at the locations shown in filgure 5

Flightipstruments. - Ingtfuﬁents installed to measure the
dirferential pressures, the control forces, control deflectilons,
and the motions of the airplane were as follows:

(1) Multicell manometers to measure ‘the differentlel pressures
over the vertical teil surface at the poilnts shown in figure 5

(2) An NACA airspeed recorder with the swivelling static head
located approximately one chord forward of the right wing tip
(See fig. 1(a).) - .

:(3) Control-force recorders which measured the forces exerted
by the pilot on the stick (aileron and elevator) and on the rudder S
pedals

(4) NACA electricel control-position recordsré whioch nsasured
the olevator and rudder-control positions at pojnts on these controls
near the fuselage center line

(5) A sideslin-angle recorder mountved apprcximately one-half
chord above and one cthord forwerd of the left wing tip (See
fig. 1(a).)

(S) Accelercmeters which recorded 4 transverse anpd normel
acceleraticns at points 59 and 152 inches bahind tbe center of } T
gravity -

(7) Tuwrnmeters which measured the angular velocitios in yaw,
pitch, and roll

(& A +timer used to synchronize all records

)
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Prior to each test the pilot noted the manifold pressure, the
pressure altlitude, the alrspeed, and the cockpit settings of the
rudder, elevator, and ailsron trim babs.

TEST PROGRAM

The test program may be divided into three parts: (1) tests
conducted to obtain steady-flight data, (2) tests in which rudder
kicks were made, and (3) teets in which fishtail mansuvers were mede.

Steady-flight runs.~ Inasmuch as the vertical~tall loads on
an alrplane are related to its steady sideslip characteristics, a
number of steedy-flight runs were made at verious values of steady
aldeslip and speed, and at two power conditions. The data were
recorded after the pillot had trimmwd the airplane at the test
condition. Runs were obtained throwgh & speed rangs of 100 to
380 miles per hour with power on (power for level £light or rated
power when necessary) and 100 o 220 mileg per hour with power off.

Rudder kicks.- Rudder kicks {single abrupt rudder deflections)
are useful in the study of the directional stebility characteristics
of an airplane and for the investlgation of the effects of rate, amount,
and direction of control deflection on the verticel-tail loads.

A total of approximately 50 left and right rudder kicks weve
nade during which pressure distributlons wers measured. Of these
runs approximately 30 were kicks from the wings-level condition
and 20 were kicks ageinst an initial steady sideslip. The runs
were made at speeds cof approximately 100, 200, and 300 miles per hour
with power on and power off. The rudder kicks were performed at
medivm and fast rates from trimmed flight. In addition, TO rudder
kicks in which loeds were not measursd were found to bs useful in
the analysis. -

Fightail mensuvers.- Fishtail mansuvers (periocdic rudder
osclllations) were made with power off and power on at speeds
of 150 and 200 miles per hour during which the pilot atiempted to
maximize the loads on the vertical tail. Also, runs were meds
at 150 miles per howr during which the pilot applied an abrupt
rudder deflection againat the swing at the tinme of maximum yawing
velocity. A second pilot was asked to perform mild fishbtail
maneuvers at speeds of 200, 250, 300, and 350 miles per hour. TFor
this series the pilot was free to use as mich coordinstion as he
wlshed so that informetion would be obteined to evaluate the
maneuver under such conditions.
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METHODS

Prossure distribublons.- The records used in evaluating the
pressure distributions were read at tims valuss which would permit
en accurate time hisbtory to be represented. [he chordwise integrations
were perrormed in two parts so that the chordwise and spanwise
loada c¢ould be obtained separately for the fin and rudder. A
numerical rethod of obtawning the spanwise center of lnad on the
fin was usad

Qther records.- The angle of sideslip for the steady sideslip
resulte was corrected for the effect cf inflow as determined from
the results of a calibration flight in which similar sideslip-
engle recorders were installed on each wing tip. This correction
was not nmade for the 'wideslip zngle records in the time histories
gince only inoremental values were used in the apslysls and the
angle of inflow correction was nearly constent throughout the
maneuwver.

The only other corrections mede wore the compressibility )
correction to the ailrspeed end the correction to the rudder and
elevator angles far the amount of trim tab dei lection regquired to
keep the wings in level trim.

The rate of control defloction and anguler sccelerations
wore obtained by wechanically differentiating the control deflection
end the .angular-~velocity records, respectively.

Separation of loed components.- The mesthod of separation of
load components on the vertical tall was found to be accomplished
most conveniently by consldering ths loed to be made up of two
components: one necessary to balance the unetable wins-fuselege
yewing moment Iin sideslip and one dus te yawing acceleration, or

acn P I '

Howvever, some use was also made of the expression for the loed in
terms of effective angle of atltack at the teil; that is

/dCT\
AN, = m‘,&@@v aS, (2)
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where, approximately,

e ),

The Form of equation (l) is particularly useful in the present
case because both the paremeter d.Cn/rSB and the factor /p

were derivable from flight results as shown subsequently herein and

also, because the meximum loads could be defined when only the value

of maximum yawing acceleration ¥ and the maximum angle of sideslip
AR were Imown.

~

RESULTS AND DISCUSSION - STRADY FLIGHT

Wings level.- The pertinent date obtained from tests wi‘ch
wings level are shown plotted in figures 6 end 7. Figure 5 shows
tho varlation with spsed of the amount of rvdder, elevator, and
sldesllip angle required to maintain wings level for power on and
power off. Figure 7 shows the variation of the normal-fcrce
coefficients over the fin, rudder , and total wvertical tail, and
tne spanwise veariation of center of load on the fin with sPeed.
These curves are typicel Tor a single-engine airplane. The
veriations shown in figures 6 and 7 are caused by the effects
of propsller rotatlon in producing a twlsting slipstrsam and by
a direct asymmetric thrust due to the inclined propeller. With
power cff the variations are probably the result of a windmilling
propeller, particularly at spseds lower than 200 mlles per hour,
where the amount of blade adjustment possible ig insufficient to
maintain the rotation of the constant-gpesad proupeller. The spenwise
center of load on the fin moves outboard with decreasing speed
but, from consideration of the loads, this movement with wings
level is not very significant because of the small bending moments
involved.

Steady sideslip.- Steady-sideslip date are presen-bed in
table I and in figures 8 to 12. The data are shown as incremental
valuwes measured Trom the condition with wings level.

Figure 8 presents the changes in yudder deflection, rudder
pedal force, and slevator deflection required {or changes in
gideslip measured from the wings-level trim value. The increments
in pedal force are shcwn as pedal-force factors, which are obtained
by dividing the pedal force by the dynamic pressure go that the
data from all speeds may be combined. The chenge in elevatcr angle
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required with a change in sideslip results from a cheangs Iin the
pitching moment of the alrplane with sideslip. The variation of
rudder angle with angle of gldeslip is ssen to be approximately
linear throughout the speed range. Filgure 9 presents the variaticn
of the normal-force coefficient with sideslip for the rudder,

. fin, and total vertical tail surface. The variations shown are
conaistent with the trends of figure 8. The rate of change of
normal-force cosfficient on the vertical tail with angle of

ac.
sideslip <;i§§> is used to define the load required on the

vertical tall to balance the unsteble yawing moment cf the wing-
fuselage configuration. From this value the parameter aC,/df

may be obtained as
‘Efa_(‘}.’im) %y Sy
ag ag./y ® S

Figure 10 presents leormetric views of the pressure distribution
over the vertical tail at variouws incremental values of sideslip
for power on at an alrspeed of 220 miles per hour. The spanwise
load distributions on the fin and rudder corresponding to the
igsometric diagrams of figure 10 are shown in figurs 11.

Flgure 12 shows the variation of spanwise center of load on
the fin wilth chenge in sideslip from the wings-level trim value at
alrspeeds of 100, 160, and 220 miles per hour. With changs in
sideslip from the wings-level condition, according to figure 12,
an inboard movement of the spanwise center of load occurs which
is probably a result of the displacemsnt of the tell from tho region
of greatest fuselege boundary layer.

RESULTS AND DISCUSSION -~ RUDDER KICEKS

Time Historiles

Data pertaining to the rudder kicks are plotted in figwres 13
to 41, The data far-all the rudder kicks are shown in tables II
and IIT. Before a detailed analysis of the loads is made, 1t
would be of velus to note the general nature of the airplene motion
and the sequence of events. For this purpose typical time histories
of ‘the measurements are shown in figures 13 to 18.
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Figures 13 and 15 present the time histories of right and
left rudder kicks, respectively, mades at airspeeds of 100, 200,
and 300 miles per hour with powsr on. The normal load on the Tin,
rudder, and total vertical tail swurfaces associated with these
measurements are shown in figures 1l and 16. Time histories
for two rudder kicks applied against initlal steady sideslips to
the left and right mades at airspeeds of 200 miles per hour
are shown in figure 17 and corxrvesponding normal loads on the
vertical tail surfaces, in figuvre 18. '

From & study of the tine histories the following sequence of
events and ltems of interest may be observed:

(1) Before the maneuver is started the airplane is in steady
trim Flight as indicated by the constant initisl values of the
variables. ) o

(2) After the application of an abrupt pedel force & lag of the
order of & fraction of & second occurs befors the rudder begins to
respond beceuse of flexibility in ths control systen. .

(3) The airplane yaws as soon as the rudder is deflected.

(L) The greatest rate of change of yawing velocity (the maximum
yewing acceleration) following the rudder deflection occurs before
the valus of sldeslip has .changed from the trim condition.

(5) The time intervel from the start of the meneuver to the
time the meximum yawing velocity is reached is, roughly, inversely
proportional to the airspeed.

The +time histories show that an sppreciable amount of pitching
is induced during the mansuver. ¥With right rudder deflection
the pitching ie nose-down and with left rudder deflection it is
noge~up. The pitching is ceused primarily by two effects; namely,
the precesslonal moment which results from yawing the propeller
disk and the changs in sirplans plitching moment with sideslip.
The precessional effect precedss the effect of sidesliy by a phase
relation of approximately 90° since it depends upon the yawing
velocity rather.than the angle of yaw; also, the sign of the
precessional pitching monent depends upon the dlrection of yawing;
whereas the sign of the airplane pitching moment due to sideslip is
negatlve regardless of sideslip direction, as is shown by the variation
of elevator required with sideslip (fig. 8). The net effects are
additive for right rudder kicks and cencelling Tor left rudder kicks.
This result explains the phase difference bhetween the yawing-
velocity curve and the pitching-velocity curve for left and right
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rudder kicks. The combined effects for right ruddsr kicks produce
a decremesnt in vertilcel scceleration as high es approximetely 1.fg
et the center of gravity, as is indicated by figure 13(c).

The time histories of the loads on the vertical tall swrfaces
(Pigs. 1k, 16, and 18) exhibit the same general characteristice as
the load variation on the horizontal tail following an abrupt
elevator deflection. The first significant feature is the loed
peak dus to the abrupt-deflection of the rudder. This first load-
poak increment is terrmed the "deflection loed" herein. The second
feoature indlceted by the load time histories is the bulld-up of
load in the opposlte direction as the alrplane responds to the
unbalance created by tho control deflection. In seeking tc assume
a new static equilibrium position a transient "overshoot" occurs,
the magnitude of which is a function of the dynamlc lateral stabllity
of the airplane. The meximum balence load thus consists of a sgiatlc-
balance trim valve and a itransient load. This second load peak
inerement is referred to as the "dynamic loed."

The loed variation with timo on the rudder snd fin shows that
the rudder carries most of the deflection load; whereas the fin
carries mest of the dynamic load.

Tho deflection load and dynamic load will be discussed separately,
use being made of the breakdocwn of ‘the load Into the component
necesgary to balance the unstable yawing moment of the wing-rfuselege
combinatlion and that associated with the yawing eccelsration.

(See section entitled "METHODS .") A +ime history of the compcnent
of load dus to each factor and a comparison of the combined effects
with the meassured veritical~tail loads is shown in Tigure 19 for
flight 1la, run 1. As expocted, the agreoment—is particularly good
since the paremeter dCpn/dB (as already shown) and the fector

I, /%y were determined with the aid of experimental results. The
details of determining Iz/xv will be given in the followlng seotion.

In the subsequent d&iscussion the definitions illustreted in
figurs 20 may be helpful.

Deflection Loed

General relations.- In the deflection load, as shown in figure 19,
the componsent of load necessary to balance the uhstable wing-fuselege
moments in sideslip 1s aebsent and the deflsction load is definsd by
the angulax-acceleration component only; therefore, when the values
of the flrst yawing ecceleration & the moment of inertia of the
alrplane I,, and the tell length xv are known, the load may be
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determined by the relation

Iz,
My = %5

This relation is shown in figure 21 in -which the meximum yawing
acceleration wl is seen to be linearly related to the experimsntally
determined deflection load. This curve, then, ls an experimental
determination of the factor Iy /xy. Tnasmch &8 figure 21 shows

that such a definite relationship exists, it will be used in the
subgequent analysis to determine the deflection load from the
value of yawing acceleration only. This relatlonship permits
determination of tail loads by use of the rudder-kick data
presented in table ITTI for vwhich direct tail load measurements were
not availabls.

As an introduction to the factors which affect the magnitude
of the deflection load it is convenient to consider two extremes
of control manipulatlon, zero end infinite rates of rudder deflection.
When the rate of rudder deflectlion is zero or very slow the airplanse
will adjust itself ta a new static equilibrium position as each
infinitesimal increment of unbelance is lmprsased end the dsflection
load will be zerc regardless of the amount of control deflection
or the alrplene stability or mase characteristics. When the rate
of rudder deflection is infinite, however, because of the inertia
about the Z-axis, the lift is experienced before the sirplane can
respond and the defleotlon load becomes approximately equal to
that on en isolated tail with a valus corresponding to the amount
of control deflection attained, that is,

AN —-<§g§> O3pq By

Vi

For agtual ceses, where the rate of deflsction is between zero and
infinity, the deflection load 'is dependent upon the rate of
deflection, amount.of defleotion, and the response characteristics of
the airplane.

For an airplans of glven cheracteristics the amount of control
deflection that can be applied and the response characteristics of
the airplans are, in general, fixed so that it becomes convenient to
consider the rate of control deflection-as the prime determinant of
the deflection load. The deflection load thus involves a determination
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of (1) the maximum rate of control deflecticn the pilot employs and
(2) the load corresponding to this maximum rate.

Rate of control deflection.- From the many ruvdder kicks performed
in- this investigation some information was obtained which nertaeined
to the rate at which the controls were deflescted. It 1a to be
emphasized that thego are the rates that the pilot actually used,
which may or mey not be those of which he is physically capable.

Data pertaining to the maximum rate alb which the pilot deflecta
the rudder is shown in Pigures 22(a), 23(a), and 24{a) for kicks
made Trom ths wings-level condition and in figures 22(b)}, 23(b),
and 24(b) Ffor kicks against an initial sideslip.

In figure 22(a), the rates of control deflection are shown
plotted against alrapeed for all rudder kiclks made from the wings-
level cohdition and in figure 23{a) the rates ere plottod against
‘the meximum incrementel pedal force. The faired lines in figure 23(a)
define the envelope of the maximum rate of control deflection
attained. The maximum rate of deflection is noted tc decresse with
increase of pedal Torce, or amount of resistance to deflection.
Thig result is in agreement with the resulis of tests made on the
ground to determine the rates of elevator deflection used by =&
number of pllots {reference T)}. On the basis of +the relation
indicated in figure 23(a), the envelope describing the maximmm
rate (fig. 22(a)) can bs explained by the amount of resistance
encountered. _For instance, the rete of control deflection is
groatest for the condition of power off and low spsed.

In figure 24({a) the ratioc of rate of control deflection and
amount of control deflection is plotted against speged for powsr on
and power off. This figure showe that the ratio 5r/65r approaches
an upper timit of 10; the reciprocal of this ratlo signifies that
the minimum time to reach the highest control deflection the pllot
can attain at each flight condition is a constant squal to 0.1 second.
The conclusion that the ratio 4AB,./0r is a constent may be deduced
from the fact that both the meximum emount of deflesctlon the pilot
can attain, A%,, and the maximum rate of deflection, ér: are
proportional to the sams factor (the pedal force). It should be
pointed out here that the rate of control deflection b5, used in
the ratio lg the meximum measured during each rudder kick (see
symbols) so that the minimum timo value is derived from values of
the ratio,which are themgelves minimums. ’

Similar date obteined from the rudder kicks against an initial
sldesliy are presented superimposed on the data obtained frowm kicks
made from the wings-level condition in figures 22(b), 23(b), and 24(b).



NACA TN No. 1394 . o _ _ 15

It is shown in both figuree 22(b) and 23(b) that the rates of
deflection are higher than the maximums defined by the envelope for
the date for rudder kicks from the wings-level condition. This
result is obtainsd because the incremsnt in pedal force is measured
from the initial sideslip value, whlch in this case is an untrimmed
value, g0 that a resistance to deflection is indicated that is
higher than actually exlsts. Actually, the rudder tends to move
towerd the trim positlon of its own accord when the pllot releasss
it to apply opposite rudder. Figure 24(b) shows that the time to
reach the maximum ruddsr deflection is the same constant value as
that obteined by rudder kicks from the wings-level condition. In
this case, the greater rates are evidently balanced by a greater
increment of control deflection.

Deflectlon load agsoclated with maximum rate of control.-
The meximum deflectlon load per unit rudder deflection 1s shown
plotted against dynamic pressure in figure 25 and is compered with
the valus computed from the geometric parameters of the tail for
an infinite rate of deflection. The loads with powsr on are
shown to be greater than the computed velues &t the lower speeds
due to the fact that for the computed values the dynamic pressurs
at the tail was assumed to be equal to the Ffree-stream dynamic
pressure. At high spseds the actual maxlmum load experienced is
almost 100 percent of that for an infinite rate of control
deflection for this aeirplans.

In figure 26(a) the theoretical sfiect of rate of rudder
movement on the deflection load is shown. The computations were
mede for the linear-type control deflection by the method indicated
in reference 5. The figure shows the deflection load in percent of

Fal
the load for an infinite rate of deflesction 5& = 0 plotted
' r

against the time to reach maximum deflection (&8,/6,). For the
meximum rate of control deflection used by the pilot (& minimum
tims to reach maximum deflection of 0.1 sec) the load at 100 miles
Per hour is almost equal to that for an infinite rate of deflection.
AL higher speeds the rate becomes more critical in that the
alrplane responds more rapidly; however, even at & speed of

300 miles per hour the deflection Load for a control deflection
completed in 0.1 second is approximately 95 percent of that for
an infinite rate. As previously mentioned, the value of 0.1 second
is based upon a linsar-type control deflection which has a constant
rate equal to the measured maximum rate. The assumed control
deflectlon compared with a typical flight control defleotion is
shown in figure 26(b).
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Dynamic Loed

General relatlong.- In figure 19, time histories of the component
of loed on the tall assoclated with the angnlar accoleration and the
component due to sideslip are shown for one run, togethsr with a
comparison of the time histories of the summation of the components
end the measured vertical-teil load. In figure 27 the wasgured
dynamic loads are shown compared with the load computed from the
relsiion '

10 b Iz,
AN = it 2 . &
Vo T 4B OBgS %y x_v_‘ifg

The date for rudder kicks against sideslip (fig. 27(b)) are
noted to have a slightly different slope from those of rudder
kicks from the wings-level condition (fig. 27(a)). The difference
is presumed to be a result of differsnces in the action of
gecondary effects such as damping in roll or linear acceleration.
The comparisons, however, indicate that for the test airplane the
equation edequately represents the dynamic—loads data. Thus the
dynamic load followlung & rudder kick may be easily determined if
the maximm velue of &ideslip AB and yawing acceleration 1&2
are available.

Some fvrther discussion is'needed-regarding the factors which
affect the angle of sideslip and the angular acceleratlion atteined.

Angls of sideslip.~ For gteady sideslips the amount of sideslip
attained by a glven rulder angle is pronortiornsl to the fector
d.B/d.ﬁr “(fig. 8). In abrupt rudder kicks, however, for an airplans
with less than critlcal damping, a transitory angle oif sideslip
which 1s greater than the final steady sideslip will occur.. For
the case of zero directional damping and an abrupt rudder deflsctlon,
this transitory angle of sideslip would amount to twlce the steady-
state valus of gideslip for the same rudder_angle oi Q(dB/dﬁr).

The test alrplane has low directilonsl damping (as do most
conventional airplanes) so that an overshoot resulting in e
magnification factor of 1.5 to 2.0 over the steady-state value is
to be expected. An approximate value of this factor for the test
airplane may be obtained from figure 28(a) which shows a plot of the
ratlio of angle of gideslip reached In rudder kicks to the value
which would be reached in steedy sideslips with the same rudder
angle. At speeds of 100 and 200 miles per hour the full
magnificaticn factor is not reached hecasuse the rudisr generaelly is
reversed before the maneuver hes continued lbng enough for the
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potential sidesllip angle to be realized. The early rudder reversal
relative to the time of meximum sideslip ls shown in the time
histories of the rudder kicks made at low speed (see fig. 13) and
the computed effect of various tines of rudder reversal on the
sideslip reached is shown in figure 28{(b). At 300 miles per hour
the rudder, in general, was held long enough for the full sideslip
to be realized so that the magnification Pactor of approximately 1.5
obteined at this speed is believed tc be neer the true value for the
test airplans.

Angular accelesration.- The maximum anguler acceleration W is
made up of the superposition of a component that ls proportio to
the smount of overshoot and a component resulbing from the reversal
of the rudder. The component dus to the amount of overshoot depends
upon the amount of demping, belng zero for the case of critical
damping and egual to the deflection angular acceleration for
zero damping. The component of angulsr acceleration dus to ruddsr
reversal is dependent upon the rate and amount of control deflection
in the same manmer as is the deflectlion angular accelsration.

If the reversal deflection has the seme rete snd amount as the
initial deflection (U-type rudder manipulation) the reversal
component would exactly equal the deflection engular acveleration ﬂrl .

The two paris making up the yawing acceleration " are
indicated in figure 29 in which the tiwe histories of tﬁe load
aggociated with the yawling scceleration only are shown for two
rudder lkicks in which the rudder wes returned to zero after different
time intervals. The time history for run 5 indjcates the maximum
anguler acceleration without the reversal whereas in run & the
rudder was reversed at tle time of maximum asideslip so that the
maximum yawing acceleration includes the effect of rudder reversal.
From this figure it is evident that the rudder kick in which the
maneuver was stopped earlier results in higher losds-because of the
superposition of the two ya.wing-a.ccelera’cion components near the
time of their ma.xinnm valueg.

In ordsr to indicate the likelihood with which the angular -
acceleratlons superimposs et their maximum vaelues, the ratio of the
second peek enguler acceleration to the first peak Y A/, is

shown plotted againet speed in figure 30(a). In general, an epproach
of the retio to a factor of 2 would indicate that the angular
acceleratlon components superimposed at their peeks; without the
reversal component the retic would be less than 1.0 since the over-
shoot component of V¥ alone will always be less than the deflectlion
value. Strictly speaking this value is obtalned only for a U-type
control manipwlation and, as Iindicated by some high values of the
ratio (as high as 2. ’-1-5) R the rudder was returned past the trinm
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pegition in some cases. The time histories (figs. 13 and 13)
indicate. however. that-although the rudder reversal was made at
retes and smounts sometlmes greater and sometimes less than the
Jndtial rud.d.er kiclc, the U~type manipulation represents an average

t;y'pe

The compubted effect of the time interval during which the rudd.er
is held upon the mammer of superpcsltion of the angular acceleration
components is shown in figure 30(b).

'I‘he data of figure 30(a) show that at 300 miles per hour the
average of the components of anguler acceleratlon dus -t0 overshoot
and rudder reversal supsrimpose nesy their maximum values and
algo that the U-type rudder manipuwlation is not an wnduly conservaltive
one as is sometimes felt in the specification of control motions.

‘Egtimate of meximum value for dynamic load from flight data.-
An approximate formula for the estimation of the order of magnitude
of the dynamic load would aessist in assessing the relative significance
of the factors invelved. For this purpese the oxpression for the
load on the vertical tall in terms of an eI'zective angle of a‘btack
is moat convenient; that is.

LN

' acy -
v, =8N &)y By
L= - - s___-l- - L .
a & .
) ["’ (@)= @, =
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This expression is adequate when maxirum values are considered inasumuch
a8 the angular velocity 1s zero at the time of ma.ximum B; also the
gidewash factor mey be assuwmed t6 be zero.

The angle of sldeslip attained in a rudder kick may be written as
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where d4B/dB, 1is the measured slope as obtained from steady
sldeslips and k 1s s magnification factor which as noted previously
would xange from a valus of 1 for a critically damped alrplane to

a value of 2 for zero demping. Thus, '

oo 4 r 4y
o, = 1 B (58), sy + (@h), sy

For the critical case of a rudder reverssl at the time of
dC
maxlmum dynemic load the term -<é5§) 8,qSy 1s added to the
) v

exprogsion. If the reversal ls assumed to be made at en infinite
rate and to be equal to the initiel deflection, the load becomes

For the test airpleane d$/dd, is approximately equal to 1.5
(fig. 8) end as an upper-limit value, k = 2.0. The comparison of
the measured load with the load compubed from the approximate
formile ls shown by the line in figure 31.

Load Distribution

In order to furnish a gensral picture of the distribution of
load during a rudder kick, isomstric views of the pressurs distribution
over the verticel tail during right and left rudder kicks are shown
in figure 32. The figure shows the distribubtlons on the wvertlical
tail for steady flight, the time of meximum deflection load, an
intermediate point in the meneuver, and the tims of maximum dynamic
load. It can be seen from this figure and the time histories (figs. lh,
16, and 18) that the rudder carries most of the deflection load and
that the fin cerries most of the dynamic load. As regerds the
chordwise distribution of load, all types of dlstributions appear
to occur during the rudder kick. The deflection load represents
the zero-yaw full-rudder load; the intsrmediate point dwring the
maneuver is the balance-~type load, and the maximum dynamic load is
& high angle-of -attack type of load, with high leading-edge pressures .

Distribution of loed between rudder and fin.- Further information
on the distribution of the load betwsen the rudder and fin is glven
in figures 33 and 34. A comparison of the magnitude of the deflection
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load on the rudder with that on the total vertical tail is shown

in figure 33(a) for rudder kicks from the wings-level condition

and in figure 33(b) for rudder kicks against initial sideslip. As
_shown by the time histories of figures 14 and 16 the naximum
dsflection load on the ruwdder occurs after the maximum on the

total vertical tail so that the load values plotted in figure 33 de
not necesgsarily cccur at the sawe tinms. From figure 33, the load

on the rudder is found to be epproximately equal to the total
deflection load. For the high loads which were attained at 300 miles
per hour the rudder deflection load is actually greater than that

on the total vertlcal taill. This condition resulis from a combination
of the lower rate of control deflasction with the more rapid

alrplane response, with the conssquence that the alrplane sterts to
yew before the rudder has completed 1ts travel. The yawing velocity
imposes & load on the £in thet is opposite to the rudder load and
regults in a lower net load on the tail. This effect is i1llustrated
in figure 32 by the higher pressures on the rudder at an intermediate
point during the maneuver rather than at the tires of mwaximum
verticsl-tail deflsotion load.

A compearison of the dynamic load carried by the fin with
that carried by the total vertical tail is shown in figure 34(a)
for rudder kicks from the wings-lovel condition end in figure 3u4(b)
for rudder kicks against stesdy sideslip. The fin 1s shown %o
carry approximately 90 percent of +the dynamic load in rudder kicks
from the wings-level condition and sbout 100 percent—of +the dynamic
load in kicke against sideslip. When the fin carrles a loed greater
than 100 percent, the total locad includes a rudder load in &
direction opposite to that on the ¢in -

Spanwise and chordwise load distribution.- The spanwise-load
distributions on the fin &t tho time of meximum fin load and on
the rudder at the time of maxiimm rudder losd are presented in
figure 35 for power on and figure 37 for power off for the most
sovere rudder kicks made in each direction and at each test speed.
The symbols in these Tlgures are used to distinguish chordwlse-load
points of two runs having approximately the same wvalus of load.
The chordwise pressure distributions over rid V (fig. 5) obtained
et times corresponding to the times for which the spvanwise load
digtributions are shown are prosented in figures 36 and 38.

Figure 39 shows that the spanwise center of load on the fin
veries slightly depending upon the direction of kick as well as
uponn the airspesed. On an average, the spanwise center of load is
10 percent farther outboard than the alr-loasd distribution for
which the surfaces were designed.
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The chordwise-load distributions in figures 36 and 38 show that
(except at an airspeed of 100 mph) the mexirum fin load is,in poneral,
asgociated with a small valus of loed on the rudder, whereas ‘the
maximum rudder load occurs during an intermediate point in the
maneuver when the £in has some load dus to yawing.

Load Diagrams:

The construction of load diagraus for the vertical tail
surfaces ray be made by the use of the Loregoing results. For
ingtance, the deflectlion load was shown to he critical for the
ruvdder. At high speeds the total deflection load was less than
the loed for an infinite rate of control deflection (see fig. 25)
but the load on the rudder waes greater than 100 percent of the
doflection load and it is therefore reasonable to assume that the
critical ridder load mey be equal to the totel deflection load at
an infinite rate of control deflection. Thus,

AN A@T(aCL S
T .@r‘)v“’ v

In figure L40{a) the lcad computed by this equation is shown to
compare well with the maximum values of measured rudder loads.

The dynamic load was found to be critical for the fin. The
load on the fin may be expressed es somw fraction K of the
dynemic load. The factor K may be determined from the geometric
characteristics of the tall for the assumption of & hypothetical
control motion in which the rudder ik returnsd to zerc at the time
of meximum sideslip; thet is ,

A

K Ay,

(5@

For the test airnlane the factor . K for this condition was
showvn to be 90 -psrcent in rudder kicks from the wings-levsl
condition (fig. 34(a)).

2

It
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In figure 40 this relation is shown on the basis of the load -
per-degree rudder deflection against dynamic pressuvre, along with
experimental values. In the calculations the magnification factor k

was asswuwed to be 2.0 and . = 1.5.
ad,,

The loazd diagram in figure 4l was constructed from the
preceeding formmlas. The dashed lines show computed loads for two
pedal forces and the points revresent the largest experimental
values obtained at equivalent alrgpeeds of 200 and 300 miles per
hour.

RESULTS AND DISCUSSION - FISHTATL MANEUVERS

Vortical-tall failures have occurved on mllitary airplanss
during evasive action or fishtall meneuvere. Same concern has
therefors been expressed about including the fightail maneuver as
a critical design conditlion because the welght penalty for adeguate
strength was considered prohibitive. -In addition, there was for
e time an irpression ampongs some. designers that the vertical tail
could fall on any airplane if the rudder were deflected in & sinusoldal
menner at the natural frequency of the airplane. A specification .
a8 to how far the maneuver was to bs cantinued consequently seemed
to be in order. ¥Wor this purpose, an analagous -gystem which is
familiar In simple dynamics may be used to furmish useful information
concerning the fisghtall maneuvers.

Conslderations from Simple Dynamics

As was polnted out in reference 5, the fishtail maneuver cen
be assumed to be a flat yawing maneuver so that the solution to
this problem might be equivalent to that for a linear single-
gpring system. A brief review of well-known results of the epring
system from simplo dynamics will therefore furnish a useful back-
ground.. The curves shown in figure 42 (taken from reference 8)
apply to the cage of an oxbternal sinusocidal force acting upon the
spring system. )

Figure 42(a) shows the amplitude megnification ractor plotted
againet the ratio of the frequency of the lmpressed force ©bo the
natural Frequency of the system for systems heving different ratios .
of damping to critical damping. In figure 42(b) the phass relation
botween the impressed Force and the amplitude is presermted for the
same conditions. In terms of whkal happens i1x the Pishtail maneuvers
the following obscervations may be made from this figure.
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(1) For en airplane with some demping the sideslip (or amplitude )
magnification will resch a finite egquilibrium value even for the
cese of a yudder oscillation having the same frequency as the alrplene.
The amount of magnification is dependent upon the ratio of the
damping to the critical damping and, of course, uwpon the frequency
at which the rvdder is deflected relative to the natural frequency
of the alrplane.

(2) The rudder angle (or forcing function) is cut of phase with
the angle of sideslip (or amplitude) by en amomt depending upon
the amount of relative damping. At resonance, however, the phase
relation is always 90°. For resonance, therefore, for a perfect
fishtail, the rudder angle will be zero at the tims of maximum
sldeslip and maximum et the point of zero sldeslip.

It should be noted at thls point that these curves cowld have
been derived in terms of loads in which case the magnifications of
figure 42({a) would then be expresssd in terms of loed megnification.
Fox the case whers the lmpressed froquency ls the same as the
airplene freguency, ln which case the rudder deflectlon would be
zero at the time of maximum sideslip (#ig. 4z(b)) the expression
for the loed in a fishtall mansuver would become

- oD o

Anslysils of Tegts

The results obtalned during the fightall investigstion are
given in table IV. The Tlrst eight of these fishtalls were slightly -
artificial sincs the pllot dslliberately trled to obtain high tall
loads, whereas the last four were mede in as natural and comfortable
a meanner as possible.

The flrst set of mansuvers was intended to show how criticel
the maneuver could bve if the pllot deliberately tried to work the
rudder conbrol at the same frequency as the alirplans frequency in
order to reach high angles of yaw. The time histories of these
manouvers are presented in figures U3 and 44 for the power-on and
power-off meneuvers made at 150 and 200 miles per howr, respectively.
In Tigure 45 are presecnted power-on and nower-off fishtall menevvers
in which the pllot kicked the ruwider againat the swing at the point
of maximum yawing velocity. All of these maneuvers (figs. 43 to 45)
were very uncomfortable to the pilot because of the severe pitching
which resulted.
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The second set of tests conslstod of the fishtail mansuvers
in which a different pilot performed & mild fishteil maneuver in
ag comfortable a manner as possible. These maneuvers are prescnbed
in figures U6 and 47 at speeds of 200 and 250 miles per hour
and 300 and 350 miles per hour, reepectively.

A gtudy of the time higtories of the £ishtail nansuvers yields
the following:

(1) The maneuvers in which the pilot was free to coordinate
the controls show that the pltching was very mch less, with the
result that the maneuver was not particularly uncomfortable.

(2) Within only ofe cycle of rudder motion the loads stiain
values cloase to the meximum measured during the whols mansuver.

(3) As the meneuver continuss, the load on the rudder- tends to
bear the 90° phass relation with the load on the fin. Thle rosult
is expecied from Tigure 42(b) for the condition of resonance.

(%) The abruvpt rudder defloction applied asgainst the maximum
velocity of swing results in hich rudder loads (fig. 45). If the
rvdder is moved against the ailrplane swing, the phase relation of
the rudder end fin loads 1eg disturbed so that the loads becoms
additive.

Froquency of rudder operastion with relation to frequency of-
airplane.- One of the points of Interest in the Tleitail tests was
to note whother, as might be expected, the .pilot tends Lo move the
rudder in phase wilth the airplans freguency. In order to obtain
the average rudder frequency for each maneuver, the actual control
menipulation was arbitrarily approximated by e sine functlon. The
rudder control deflections for all 17 runé aro shown in figure 48
in nondiméensional form; the actuul control deflectlon was dlvided
by the amplitude of the mine curve used in the approximetion of the
motlon. Tho agsumed sine curves are =lac shown. The natural
frequency, £y, of the sirplane was computed from the expression

1 /K
=27zl/K2-'Hl'

where Kj e&nd K, are determinsd from the aerciynemic characteristics
of the airplane and Ave defined by equation (3) of reference 5.
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Inssmmch as the period, 1/f,, is a2 more usual way of plotbting
the airplane responss, the date are shown plotted in thet wenmer in
figure L9. TFrom this figure it is seen that the fishbail meneuvers
made by the pilot when his actions were unrestricted (symbols with
talls) were as close to the airplane period as those mensuvers in
vhich he attempted to work the controls at the same period as the
airplens. Although the control deflections are irregular, the
results indicate that the pllot does tend to work the controls in
.phase with the alrplape frequency in performing a fishtail.

Comparisons between measured and estimeted load.- A comparison
of the measured loads with those computed on the basis of the theory
- of flat yawing (refsrence 5) is presented in figure 50, which shows
the meximum teil load measured per degree of rudder deflection during
each run. Mean amplitudss of rudder deflection were used to obtain
the experimental values of load per degree. Also included in
figure 50 is a line corresponding to the load per degree Sfor a
control motion in which the rudder was assumed to be retwrned to
trim at the times of maximum sideslip. Figure 50 shows that the loads
measured during the fishtails did not reach the computed resonant
velue but were more nearly equal to the values glven by the equation
representing the hypothetical U-type comtrol motion.

Load Distributions

The fishtall mensuvers, as indicated by simple dynamics, yleld
an angle-of ~attack load with rudder at zero deflsction plus a
zero-yaw full-rudder load according to the phase relatlions indicated

by figure L42(Db).

Figvre 51 presents the spanwlise load distributions over the
rudder and fin at various times during the powsr-on fishtail
maneuvers of figures 43, Lk, and W5. The spanwise and chordwise
loed disgtributions and chordwise loed distributions over ridb V .
during the fishtails of figures L6 and 4T are presented in figures 52
and 53, respectively. Figure 5L(a) presents the center of loed
on the fin at the times of maximmm loads on the fin during the
fishtall. Also, for illustrative purposes, time histories of the

. center-of-load variation during the fishtalls of figures 46 and 47
are presented in 54(b).

CONCLUSIONS

The conclusians ars grouped undsr the general subject heading
from which they were derived. ' '
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First loed peak following a rudder lick (deflection load)(-

1. The deflection load can be determined with sufficient
accwracy by the product of the moment of inertia and the first
" meximum yewing acceleration divided by the tall length.

2. The minimum time used by the pilot to attein the meximum
rudder’ deflection at each flight condition appeers to be a constant.

3. The deflection load on the verileosl tail of the test
alrplane resohes values close to those for an infinite rate of
control deflection. B

Second load peak following s rudder ligk (dymamic loed).-

1. The dynemic load can be determined with sufficient accuracy
by the sum of the component of loed necessary to balance the unstable
yawing moment of the wing-fuselage combination in sideslip and the
component of load due to angulaer acceleration in yaw.

2. After the initial rudder kick the return of the rudder
to trim was, In generel, made at the time of zaXinum mideslip so
that the load due to zbrupt reversal of the rudder was super-
imposed at the time of maxiimm overshoot load.

3. A rational approxilwmate forriule based upon a U-type conbrol
deflection matisfactorlly expresses the upper limit value of
the measured dynamlc loads for this airvlanse. This formile 1s in
torma of the sideslip-rudder ratio from steady -flight results and
a magnification factor which considers the amount of directilonal

daemping in the airplane.

Load dlstributions.-

l. The critical loeds on the rudder aré assoclated with the
deflection load. The deflsction load on the rudder is spproximately
equal to the total deflection load on the tail.

2. The critical loads on the fin are assoclated with the
dynanmic load on the tail. The upper limit of the measured dynamic
loads on the fin 1s matisfactorily expressed os the frection of
the total dynamic load which would be carried for the rudder at zero.

3. At the time of wmaximua fin loed the spenvise center of
load on the f'in is 10 percent farther outboard than .the design
alrload distribution. ' '
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Fishtell mansuvers.-

. 1. The msximum loads measured during the fishtail mansuvers
were no greater then those which would result from a hypothstical
U-type rudder kick in which the rudder is returmed to zero at the
time of meximum sideslip.

2. As might be expected the pilot tends to work the rudder
in phase with ths natural frequency of the airplane.

3. At resonance the rudder angle and sideslip angle are 90°
out of phase so that at meximvm sideslip the rudder deflection is
zerc and the load ls proportional to the sideslip angle.

k. An ebrupt stopping action in which the rudder is Iicked
agalnst the swing resulits in high rudder loads, If the control is
worked against the alrplane swing, the phase relation between the
rudder and fin loads ls digturbed so that ‘the loads becoms additive.

Langley Memorial Asronautical Laboratory
National Advisory Cormittee for Aeronautics
Langley Fleld, Va., April 9, 1047
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TABIE I

STEADY-SIDESLIP TESTS

Te AB oy, | a8, AR,
| ) | G| Te | S| (eea) | (ae8) s s s e e e
Power on
3 | 105.0 | <11.50 | 0,109 | 0.00T [ =5.85 -2.%0 | 102 -2 | 101 | 0,156 | ~0.002| 0.155
k| 105.0 | - 9.95 .109 .007 T7.55 1.10 | =162 26 | =136 | =248 . -, 208
5 g..%g.o 15.90 .108 007 13,30 | =.50 | -235 86 | —1hk9 | ~373 137 | =237
7 0| 3.0 045 00k | ~L.75 | —69 | 120 | —28 87| .oTT | ~-.018]| .0%6
8| 162.5 | ~T7.15 SOk ook | —%4.30 | —2.69 | 246 | ~23 | 22l A5 | =015 +1h3
9 | 16%.0 | —12.00 Ol J00k | =7.05 | —3.59 | 307 | =57 | 249 2193 | =-.036 156
11 | 165.0 5.30 .03 .00% 2.50 .11 | =286 38 | =149 | =116 . —.093
12 | 161.0 8.15 .045 .00k 5,10 | —59 |-286 | 107 |-178 -.188 070 | =117
13 | 159.5 10,15 046 +00% .85 | —1.37 | 388 150 | gkl | —261 101 | =162
1% | 217.5 | —3.80 .030 00k | ~l.2¢ | -T2 176 | -19 157 084 | ~-.007 057
16 | 218.5 | -B.b45 030 J00h | —2.09 | -1.32 | 275 | =54 221 098 | =.019 078
17 | 219.5 | —7.25 .030 00% b | —2,32 | 1B | 68 350 JRT | —.0R2h .123
18 | 217.0 2,70 | .030 004 1 | =12 | 5T k2 [ =115 | =057 015 | —.0h2
19 | 218.0 3.65 .030 +00% 2,01 | —.32 |-e67 82 | -185 | —095 029 | =066
20 | 218.5 5.35 .030 .00k v3h | —.B2 | =3TT | 1k3 |-@34 | —23h .051 | —.083
79 | 217.5 | —2.05 .022 .00 ~60 | =17 | 172 | =39 | ko0 .038 | =~.009 031
80 | 21%.5 | —3.50 .023 L,00% | <1.05 | —1T 267 | =718 197 .060 | . =017 +Olth
g1 | 275.5 | —4.35 .023 oot | —1.05 | —.k7 | 331 |13k | 225 OTh | =025 .050
g2 | e77.0 1.15 .023 004 .55 .03 | =100 gg -3 | —022 2009 | =012
83 | 277.5 2,20 022 .00% 99 | =0T -esg 151 | -.053 018 | —-.033
8y | 276.5 3.20 .023 »00k 2.20 | =17 | = 122 | 212 | =076 02T | =047
86 | 339.5 | —1.00 012 002 .03 ] =02 | 150 | ~3& | 213 022 | =005 $01T
87 | 334.5 -1.65 .013 .003 =17 | =12 209 61 48 032 | =009 023
83 | 337.0 | —R.10 013 .003 -7 | =22 | 252 | -68 | 185 .038 | -.010 .028
89 | 337.0 .50 | +013 .003 S | =02 |-15k 6 | -207 | =023 007 | =.016
90 | 335.5 .50 .013 .003 .83 .10 | -250 ™ | 276 | —038 011 | =027
oL | 33k.% 1.10 .013 .003 1.33 | =02 | =315 ok | -221 | —.048 . —.03%
93 | 379.5 ~.80 009 .002 —02 | =12 12k | 49 76 JO0l% | —.006 009
ok | 378.0 | -1.10 009 .002 —12 | =02 | 16 | ~5 | 106 | .020 | =007 .013
95 | 372.5 S5 | 009 | 002 .18 .08 | 169 36 | -a3e | -0 . —016
6 | 37%.0 .75 009 .002 48 . —22k W |75 | —-.0e7 005 | =021
36 | 100.0 :ég 109 201 | =022 .186
37 | 10%.0 12k .239 | =0k | 197
38 | 105.0 62 | 125 290 | =095 <192
ko | 105.0 26 | =T3 | =147 . —.132
k1 | 105.0 39 | —22k | —.2h5 . —.190
2 | 208.0 54 —253 079 | =197
Lk | 158.5 -39 T | 093 | —026| .050
ks | 159.5 ~101 167 .196 - 112
46 | 161.0 —1268 a7 2l | - ke
48 | 16k.0 51 | -209 | —.087 .032 | =068
ko | 161.0 68 | 18y | =251 045 | 121
50 | 161.0 112 | -248 | —.222 . —.163
52 | 218.0 49 118 062 | =017 042
53 | 218,0 52 | 169 095 | —.033 060
sy | 218.5 ~163 | 192 | 125 | = +068
=6 | 218.5 62 | 113 | —.060 022 | —.0%0
=7 | 218.0 66 | ~as5hk | =087 034 | ~-.055
=3 | 218.5 138 | 212 | =122 o —.0T5
60 | 219.5 48 86 049 | =017 +030
61 | 219.0 -93 160 . -.033 056
62 | 218.5 -5 { 193 122 | =051 .069
& | 219.5 37 | =82 | —.0L0 013 | =029
65 | 219.5 T3 | =128 | —.069 » - 045
66 | 216.5 108 | —1hk3 | —.090- 039 | —.0%2
67 | 159.5 -2 4 | .01% | =—.000p| —.003
€8 | 159.5 5| 32 | .003 »003 | ~,008
69 | 159.5 2| -ah | 007 | =00L| =009
TO | 139.5 - -13 027 - -~ 009

aTnitiel steady £light value (increment from wings levsl).




NACA TN No. 1394

30

TABLE II

RUDDER KICES

.tm %A% 8% 1 BO% 4950 5EOE GROE {1l B¥S0 %4 9%¢8 89 9% @B BRYR 2% ug
0 L} ] [ § LI § L] 1 ] 1 “ " L ) 1 L | 1 t 1 T L] []
A.A—ll ] 1] 13
<10 an e ma aay wRr s ]l MW MR m a8 s m
M mv m ] (] [ ] ' ) ] ) t m (] [} (] ' ] .u (] ] ]
312298 43 £ 593 598y 9493 8%se e3gS 2893 AT 933 N8 46 49 4999 88 we
..onw ,%_mw%% .ﬂ.ﬂ. m... w”ﬁ @%ﬁ.ﬂ &&m% h..w.m.w %W@.ﬁ .numhwm m...m uﬁ...;mn m,@ &.@ %.m, w%m.w.m m.m. %@
@ |3%8] 99 o 240 ddg8  94%8 mays 9I%E HTRA 09 ©4YY I AR RY 5858 NG 97
MW MM.nvm bAd n.n 66..! .4.4.&3 Qw?ﬁ._m 5@%.& Mm_nw..’ e Aadad %._.f_ Rl 9% N ,%.n%_ MNM_&, BM. 90
A 0w t N o ren A O\ B omn m =
48 | SR{] B9 | GG 8388 R iRy §8 D8g% A% 88 33 999 &% g
1c |8388 88 § 838 s83% sg%s e 8% 8888 8% 88 43 8388 8 88
M( 8599 WYY U WWw Yoo SN0 G\G\O\G VS OOV WO VWG W0\W GOW0W W\ W\
N o e || ]|
versy o [ T I T T 4 [ T I T ] [ ]
ST e e aEn ST TRTTT
= 83 8888 £8 88 GO 8833 B8 8E
Mf.mr:v 0000 00 © ©00b o©0o0O0O ©C0O0O0 ©0OCO 0000 0000 f0 Fold Fo S a9 4800 S S
g i3 % HhLY B Y ouu 3333 HE HUEE WM B
£ | 8888 35 § 858 ssgs  BELY LHEY BENY BYEY es 533 se eg B EHEY BY WY
o\.m:. mwmm hodp._ M.. JM& wanwnw 2QNQ 9QQQ QQQQ NNND wQ gumy gmn g Qe QwngQ on qn
o ol D R 4 0 (¢} * -]
“E | 8548 3% § BR8 BRRE 8359 2484 §853 483% 5E 4358 8% §% &4 3858 55 38
m 40 00 hg(..Uh. ANm Hamt HUMt §MIIN TN OO0 ,MU,W - o8 H, r_UA.w IO B0 ne o
- -
)
3 © o 4 8 g 2 & e 1 2 8 o 3 % § 9 3

&Tnitisl steady flight value (increwsnt from wings lowl),

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA TN No. 1394 31

é Y 28 % N, | ANpg | O %, | A Alty, at

rite| T | (raafancy | (retoec®) | (0) | roasmet) | () |3 |3 | cof | o) @3 | (s00)
b 0.082 0.185 8.86 | ==-mmmmmem 30.0| 115 | 12 0.90

6 =179 -.2h0 -%.97 -0.345 -51.0 | =150 | -1%6 130 138 229 .80

6 T | —e————- B O B -i3.0| -70 | -123 T2 3 75 .95
9 .06 056 | mmemme | mmmmemm—mee 6ho] 155 | 216 | -322 | -216 [ =535 1.10

8 2 -.203 -.238 “9.9% -.436 -55.0 | -187 | -193 ks 53 613 1.55
& .05k .15 5.52 ~20h 15.0f 159 | 138 | -h98 6 | -heb 2.10

b -.364 -.372 ~19.33 -8 -3%5.0 | -418 | -k35 810 60 88 T0

1 075 .15% 13.53 725 10.0| 373 | 305 | -830 | -188 | -963 90

2 .;gz 186 | emmem- 736 hp.o] 3% | 332 | -198 | -169 | 955 &

3 -. -g95 | =wee== -.659 -20.0 | -18 | -230 35 188 790 1.00

1 -.228 -.292 -8.8% =1 J%z -80.0 | <460 | k0O 1nis 155 1458 8

1la 2 -.228 -. -9.1% -1.0 12%.0 | =50k | ~550 | 1297 7 | 1k00 5
3 057 Aot 6.90 87T 10.0) 368 | 370 [ -1135 -83 | -1185 55

L 057 6.90 798 -15.0| 332 | 250 | -1135 -80 | -3067 70

1 -.020 -.003 .91 | =emmemee- - | -30.0] 68| g5 | === | mom=m | oo >2.90

¥ 2 031 .03k 5,39 | ==e==-e=-- 17.0 :g 95 | ===-- Pl T >3.00
b 3 -.010 -.018 8,29 | -===e=-e-- -2h.5 20T | =e=== | =mmmm | e 2.80
b 031 . 6.63 | ==w=mmmmum 36.5) 85 | 117 | ==~ | ==--- ——-o- 2.50

2 .092 .110 6.91 | -==mmemm—— 61.0 184 } 239 | ===== | ===-- c_——— [ >1.00

3 o -.012 =11.60 | ====-e-=-= -30.0 | =131 | =153 | ===-= | === | =oe-- >1.20

%2 & 056 109 12,49 | —emmemmmee 27.0| 180 | 199 | =e=== | =-=-= cee— | >1.30
5 | mmme=-= - 01T “8.0L | =m===m==e-= -46.0 | =154 | -189 1.30

2 -.21k -.201 <10.78 | =====-oon- -53.0 | =398 | 43 792 -50 0.8

™ i . .283 15.7h | w=me=-===- 50.0| 3% | 405 =750 -68 | -833 1.00
-.18 173 =10.50 | ==e-mm-eos -2%.0{ =351 | -305 669 | -135 %0 | >1.20

5 o715 .1ko 12.7 | ===m-meme- 32.0] 263 | 308 | -708 | -101 [ -Go7 .50

6 -7 -.220 -9.11 -1.170 -15.0 | -168 | -483 1405 173 1539 .95

T -.11h -.199 -8.29 -.918 27.0 | =305 | -265 1083 217 11%0 .80

11a -8 ATT 7.60 .813 30.0] 318} 300 | -9T5 -%9 | -1077T .80
9 05T .132 6.49 .8u8 -10.0{ 284 190 | -1070 -86 | -111 1)

ol { 5 .22% -.297 -27.98 -.728 -1k2.0| =258 | -420 | 1148 12 | 1220 1.20
6 -.053 k56 20.48 Tho Was.o| 125 | 495 -915 -=5 | 975 1.00

1 .120 J167 13.4% 18.0| 271 | 220 -81% -hiy -835 1.10

2 137 .218 12.60 .58 65.0| 2% | 315} -T2 -59 | -780 1.20

12a 3 -.200 292 =1k .84 -.652 -49.0 | =346 | -370 -8 ] .50
k =177 -.283 -18.20 -.669 ~7T7.0| =365 | -k52 843 31 898 .95

15 { 1 .13 222 .70 .58 13.0| 220 | 345 [ -8B %0 | -890 .70
2 | meeem——- -.215 - -.730 -115.0 | =510 | -608 1020 -5 919 .55
o 1 «.085 .263 -9.56 -.930 -20.0| -b75 | 455 | 1235 20 | 1235 .35
2 « 294 9.56 T20 90.0| 397 650 | -1180 152 ~990 .50

ok 7T 192 297 -29.76 -. -85.0 | =460 | -5k0 1095 25 1050 1.ko
8 -.043 .353 29.76 678 135.0| 528 630 -960 33 -860 1.10
5 103 -.406 16.80 621 27.0| 286 | 263 -808 -30 -832 .60

12 6 -.363 15.68 550 102.0 383 &S =761 -1k =775 .65
a 7 -.057 -.699 ~1%.56 -.863 -50.0| -305 [ =300 &2 139 | 1010 60
8 -.057 -.046 -12.60 -.643 -57.0| =301 | -358 750 115 8yt 6

: 3 125 261 20.72 651 103.0| 395 | 500 | -1012 50 | =920 .70

15 L B -.215 -16.80 -.8u7 -100.0| -3685 | =500 950 =5 91> 1.05
3 =073 -.303 -9.56 - -65.0| -k55 | ~395 1215 =130 1083 | >3.20

2k { i .oh3 -.315 9.56 .693 177.0| %80 | k22 | -1163 155 | -1018 | >2.70
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32 NACA TN No. 1394
TABLE ITX -
RUIMER XICKS (I WHICH XO LOADS WERR MEASURED)
T lAltitnde] AF,| A8, | B ¥ ¥ é § ap ¥ at
t P T * 2 3
Fligh ()| * (%:?) o | % (re) (3b) | (deg) e':g) rad/sec?) | (rad/aec)| (ras/moc) Hrad/sec®)|(deg) [krd/sec?) Kmeo)
1{102| on |0 [0.117/0.007| 10,000 | 28| ~6.50 0.172 0.111 0.3 | -0.1k >1.h0
2l100] om {0 | .22 .007| 10,000 | 86 843 POCTCRS Jr 22 «087 28 8o
6 3/100| Om {0 122 .007| 10,000 | <29 =k. 2133 089 ~a153 -39 1.50
g 00| On o0 a2} .007| 20,000 [ ~971 11.06 =373 =300 2102 204 1.10
00| on|o0 2222( .007| 20,000 [====| T.15 ~ .28, =166 Ok 061 .30
1 {100 [Rated| O H480| 0291 10,000 1=159| 8.37 31 18; -~ 268 .27 1.0
6a |d21]200 Bated| o &80] 10,000 | =17 [=10.30 276 ST -2kl =227 1.20
3| 100 |Rated| 0 &8of .0e9) 10,000 | 153 | 104 -4o8 -3'rﬂ 202 . 8o
k| 100 |Rated| 0 &80 .029} 10,000 | 239 17,73 -.549 - 107 203 80
1 {200 |Rated| O 08| %007} 6,000 w20k - 21k - 1.90
3| 200 |Rated| O 060 6,000 =.1k3 032 <109 z.g
8 5| 200 |Rated| O «060f .007| 6,000 330 -.321 -:56 1.
6200 |Rated| O 060! .007T| 6,000 T8 - K7L ~483 1.50
g 200 [Rated | O ©060| .007| 6,000 -.% 06k 180 lg
200 |Rated| O «0bo| .00T| 6,000 - 06k 236
1| 200 |Rated| O 065 w07} 6,000 =330 o6k 8o
8a [¢2|200 |Rated| O £060| «©0T! 6,000 -.382 086 215 1.00
3 | 200 |Rated| 0 «060| .00T! 6,000 273 =310 ~ 272 1.0
8 | Mj200| Omn |O 03| .00k| 6,000 385 ~.257 - 60
“Ifr]300| m]o O2h| Jo0k| 6,000 22k
2{%0] Oz O 24| .00k} 6,000 «290
1 9330 om o o2k| 004! 6,000 -.157
k|30t on joO 02k| .ook| 6,000 =27k
15| 5(328} on o 024 .00k | 6,000 228
11 99 0t | 0 |=—===iw=eee] 6,000 -aze
2100} 0. [0 je-==m-==e=} §,000 8200
k [83[200] aff |0 |=eaem|en=—] 6,000 261
k{100 | off |0 [-====|-e===| &l00O -a78
5o | orf |0 [eseeejee==! 6,000 272
1100 [ orr |0 6,000 266
21100 otr | O 6,000 -
ba [J3/300 | o [0 6,000 -89
k (200} 0re [0 6,000 222
5(00) or [0 6,000 =200
¥ | s|100|arg o 3,500 333
1|02 jofr |0 |===ec|amnmm 6,000 250
2 100 | off |0 [emee=leacea] 6,000 ~.220
Y E 101 | arr |0 |em—eafemame] 6,000 278
99 ) O | O |===-- —m=w= ! 6,000 ~266
5| 99} Off | 0 |===w=ie====} 6,000 -.278
L1100} Gff | 0 [|=wmw=|ee=e=i 6,000 278
2 16[100] Off | 0 |=ewne]|ueaen] 6,000 -.278
7(100| off [0 [~=e—==]e~eee} 6,000 266
L{200 | off {0 6,000 «15%
2200 | 0 to 6,000 -.;..25
E g o [ o 6,000 167
7 orr | o 6,000 =133
5192 | oer [ o 5,000 006
62021 ot { O =,000 o34k
1200 | o£r | 0 [emme= ~emna [ 6,000 297
21200 | Off | O [=w-== ~====1 6,000 -.297
Ta |¢ 3|00} ot | O [===nw[-acae 6,000 {-197 | -8.86] -63.79] .78 .352
L|eoo | oer |0 fem=we ——---1 6,000 | 202} 9.01( 33.97] -. ﬁg ~297
%1200 | Off | O f==me= ~een=] 6,000 [-159 | ~9. -6322 o 319
T | L]200] 02 | 0 |wemewfemmen}. 6,000 [e=mv 11159 | ~T0 20| ~mmmnmemes fwecnmman
5]30 | 0ff |0 [memew ewnew! 6,000 (=205 | ~3.38 | ~1h.0L «336 1)
4 61300 ) otr |0 |-——]e---| G000 |-228|-322| 1642 k03 268
'e( 300 [ OFf [0 |~m=c-==|w~===} 6,000 | 290 | 3. 23.28 -.egg =157
300 | off |0 |===-- meene [ 6,000 | 223 3 12,50 «. -3
1Ma| 50300 ]| 0ff | 0 [=====|==ne= 6,000 [==== | =h.51[ ~39.62] .26 168
1{200¢ { Om [-5.25( .033} .00%| 6,000 | 228 g.oe 22.26] -. -
S HEAR e Boileip s ded B foc i
2200 | on | 3.8 ‘0n3| 0ok 6,000 |=-== 3% Tnl B 1336
©Tnitial steedy flight valus (inorement from wings level taim).




TABLE IV
FISBTAIT, MANEUVERS

(avtitute, 6000 £1]

Initial | Mean | Max. load | Max. H’ﬂ-r Mex.

Flight| Run|SP®®d| Poyer | A8 | 4B |firet oyole | load | fin Remarks
{mph) load | load SmAr
(deg) | (dsg) (1v) (1b} (1p) | (1b)
16 1 150 | Om 8.0 9.0 ~600 ~670 | -160 | -660 | Attempt to maximize loeds
2| 150] off | 13.5 | 1k.0 ~450 50 | 125 | 630 (high sideslip amplitds)
1 | 151 | Bated | -10..5 | 11.0 960 1070 | 420 | ~780
2 | 3154 | Rated | 13.0 | 11.5 ~780 -1070 | =300 | ~790 |Attempt to mRximize loads
18 113 | 151 | ore |-1%.0 |16.0 20 040 | 350 | 660 | (rudder kick against swing)
Y | 153 | off | 1.0 | 11.0 ~610 =030 | 270 | -T10
o5a 1| 199 | Brted | -8.5 7.5 880 =1200 | =290 | =970 |Attempt to maximize loads
2 | 198 | ofe | -8.2 7.5 1000 1130 | 290 | 860 (high sideslip amplituds)
1 | 200 | Rated | -6.5 3.15 Zao % -290 %
2 250 | Rated. | -3.1 2.00 T0 200
26 3 300 | Rated -2.3 1'65 T50 &0 210 810 Hatwral mild fishtail
h 345 | Rated | -2.2 1.50 640 -840 | 290 | -T60

NATIORAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA TN No. 1394 Fig. 1
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= ekl Yaw angle
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(b) Side view.

Figure 1.- Photographs of test airplane.



Airplanc ¢ haracleristics

Wing Vertical tail surface
Area 236sqft Jolal area 229sq 1!
Sean 37291 {Heght obove fuselage 36717
MAC 6511 Fin areafless farmng area) 8seft
Rool chord arf Rudderarea(inciuaing [99sq/ of
Sectionatroat  NACAZZ2/9 balance and S5 sqff d 1at) 1374 591
Sectionatfp  NACA 2209 Distance from  cg  fo rudder
Angle fo thrust hne | ° hmnge line 20/311
Lihedral 6° . Fin offsct : g’
Aspect rano J.9 .
Engine Horizonral 1a1/ surface
p lype Allison V-1710-F4R Total arca 48.3sqr!
! Normal power at 108001t (000 hp Span K279 (1
\ Propeller gear rafo 2.1 Stabilizer arca (including 3.54 59/t
Propeller diameter 1111 of fuselage) Hsespft
A Elevalor arcalincluaing3.8sqft of
Flight operaion balance and (64 59 ftof fot) 17445917
Average weight m flight 8240 /b Distance frammngrodt LL [0 clevator
Average pasifion 295 pereent MAC hinge linc 200 f+

Stabifizer set abovelhrustine 2°

Horizontol foi/ obove fuseloge center
line” 19077

lox. elevetor aeflection  J5'up

NATIONAL ABVISORY
COMMITTEE FOR AERONAUTICS
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Figure 2.- Three-view drawing and list of geometric characteristics of test airplane,
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Figure 3,- Plan form of vertical tail used on test airplane and profiles of the airfoil sections
around which pressure orifices were distributed.
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NACA TN No. 1394 Fig. 4

B e

NACA LMAL

NACA LMAL
40334

(b) Side view of fairing.

Figure 4.- Photographs of vertical tail showing profile and
plan form of protuberance caused by fairing over pressure
lines,
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Lﬁ?udder hinge line
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Fig. 5

P Orfice location, percent chord From leading 2dge
n) ) /| 213 1415 61718 18 1/0]) /I 1/K2
7 1340)/1.3\12311526|659|76.2|894
U _1492) 4./1/102\3564581529|589|73.2/904
V 1632 3.8|/33378445|1528\576|687\82.1 |93«
W 750\ 3./| 60/ 0&L|/63\278|4./15/.7\56460469.7\8/./ 1957
X 86| 74137./1633860|
Y 13/21/084/4\7/8 894
Z 28| 75404776

Figure 5.- Location of orifices at which pressures were measured,



NACA TN No. 139%4-

o FOWES Of
o Fower off

N
Q =
E@ = /0
% N Ny ;bl 0 = L C
EE% il b q
SRE /0 <
34
e
8T
T§ S s /0

AR
818 8 J
NENT 0 ] TF— C @ O]
INESAS ) s

N _
S§ -

~° COMMITTEE Fo8 AEROMAUTICS

RS -
=X
5.3
LoV K& I s e O BB 2= e
SR 0 =
Y Z@ AW} o=

- "/O _

N 100 200 300 40

o

Laquwakent airsoeed, ., 1mpbh

Figure 6.- Variation with equivalent airspeed of rudder and elevator
control deflections and angle of sideslip required to maintain
wings level with power on and power off.



NACA TN No. 1394 Fig. 7

o Fower on

& o Fower off
s <
N
§ 8 Q"§\ 60
NS — &5
g Q% N 5 ) €'t 7 a 9 |
wooN ©
§s <
L Q
VW
Sk
S S
RSN J
~OR
NS ~—
S < ~— | _ ]
NE 0 —r—=—] _ o O—
$3 EEma
-/
J/
N
K) “Q -~ ______n"l —
X (S PN Q
8% -
SIS _ A
S8 o / "
% ASIENY
- —
N /
\ =~ .
S§8s
RESy PP T
S -~ NATIONAL ADVISORY |
Q % Q COMMITTEE FOR AERONAUTICS
é S 8 __/ ) i 1 ] |
/00 200 00 400

Lguvalent- airspeed, Ve, mph

Figure 7.- Variation with equivalent airspeed of normal-force
coefficients on surfaces of vertical tail for wings in level flight
with power on and power off and variation of spanwise center
of pressure on fin.
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Figure 8.- Variation of increments of rudder and elevator control
deflections and pedal-force factor with incremental change in
sideslip measured from wings in level flight with power on and

power off.



NACA TN No. 1394 Fig. 9
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Figure 9.- Change of vertical tail, fin, and rudder normal-force

coefficients with change in sideslip angle measured from
wings-level condition with power on and power off.



Fig. 10 NACA TN No. 1394
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Figure 10.- Isometric views of pressure distribution over vertical
tail surface at various increments of sideslip for wings in level
flight at 220 miles per hour and with power on. Airplane lift
coefficient, 0.28; T, =0.03; Q, = 0.004.
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Figure 11,- Spanwise load distributions on fin and rudder, corresponding
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Figure 43.- Time histories of measurements recorded during power-on
and power-off fishtails at 150 miles per hour.
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Figure 45.- Time histories of measurements recorded during power-on
and power-off fishtails at 150 miles per hour in which pilot kicked
rudder against the swing at point of maximum yawing velocity.
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Figure 51.- Spanwise load distributions over the rudder and fin at
various times during the power-on fishtails of figures 48, 44,

and 45,
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